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Health Problems of Civilization unfavorable growing trend regarding the body mass of subjects in Poland. On the basis of the study results, it is forecasted that by 2035 the number of people suffering from obesity will increase from 22% to 33% (from 6.5 million people to over 9 million people) [6] .
The aim of comprehensive cardiac rehabilitation is to improve the patients' quality of life, consolidate the effects of their cardiac treatment and improve their overall fitness and efficiency. The additional detailed objectives of cardiac rehabilitation are selected individually for each patient, depending on their needs and physical, economic and social capabilities. They can be related to the regulation and stabilization of blood pressure, weight loss, improvement of blood biochemical components and many other individually selected goals. The increase in the overall fitness and efficiency of the patient's body enables him to return to work and allows him to become independent with everyday activities. In addition, rehabilitation has a positive effect on limiting the progression of disease, counteracting complications and improving the quality and comfort of life [7, 8] .
The aim of this article is to assess the impact of the second stage of cardiac rehabilitation on changes in BMI and exercise tolerance of patients after cardiac events.
Material and methods

The study group
The subjects were in the care of a cardiologist who, in the course of qualifying them for cardiac rehabilitation, ruled out contraindications to participation in this study. Additionally, each of the subjects gave written consent for participation in research, sharing results and processing of personal data collected for scientific purposes. The study was conducted from October 2015 to April 2016.
The study included 41 people-14 women (62.5 years ± 8.32) and 27 men (61.2 years ± 10.18)-who experienced a cardiac incident between January 2015 and February 2016 and were qualified for the second stage of cardiac rehabilitation. This rehabilitation was conducted by the Center for Prevention and Rehabilitation (CREATOR) located at Lotnicza 37 Street, the city of Wrocław.
All 41 participants had an intervention for coronary artery disease: 31 had stent placement and 10 had coronary artery bypass surgery. Occurring co-morbidities and medications, in the assessment of the qualifying cardiologist, did not have a significant impact on the results of the study. Patients did not use a specific diet.
Criteria for inclusion
• Exacerbation of cardiac disease between January 2015 and February 2016 requiring hospitalization and cardiac intervention • Active participation in cardiac rehabilitation • Expressing written consent for participation in the study
Exclusion criteria
• Nicotinism • Alcoholism • Advanced diseases of the musculoskeletal system or amputations • Cancer
Six-Minute Walk Test
The six-minute walk test is the simplest of many methods for objectively assessing the patient's exercise tolerance, efficiency and functionality. The tests were conducted according to general recommendations and standards of the American Association of Thoracic Diseases. The results, which were obtained using Coonors' formulas, enabled the calculation of the average speed of the walk expressed in kilometers per hour and the energy expenditure expressed in METs.
The average walk speed in the six-minute corridor test: The six-minute walk test should be performed before and after the rehabilitation stage in order to determine the effectiveness of training and exercise, and also to document progress and changes in exercise tolerance [9, 10] .
Exercise test according to the RAMP protocol
The electrocardiogram exercise test that was performed according to the Ramp protocol took place in the Center for Prevention and Rehabilitation (CREATOR) and was conducted by a physiotherapist who used a stationary cycle ergometer (CRG200 v. 312) and ASPEL Cardio TEST software. Before the beginning of the test, blood pressure and heart rate were measured. From the second stage of the test, power was increased by 25 W every 10 seconds. Exercise heart rate was constantly monitored by an electrocardiogram. Blood pressure was measured at the end of the warm-up, immediately after the end of the trial and then after 3 minutes, and also after a recovery period, the duration of which was individual for each patient.
Exercise test according to the modified Bruce protocol
The electrocardiographic exercise test that was performed according to the modified Bruce protocol also took place in the Center for Prevention and Rehabilitation (CREATOR) and was conducted by a cardiologist who used a treadmill with an adjustable incline.
Exercise heart rate was constantly monitored by an electrocardiogram. Blood pressure was measured in the third minute of each stage, after the end of the trial and after a recovery period, which was individual for each patient.
The course of cardiac rehabilitation conducted in the Center for Prevention and Rehabilitation (CREATOR)
Patients with a referral to cardiac rehabilitation performed a series of 21 treatment sessions; these were performed three times a week. On the basis of the performed exercise tests, the patients were assigned to appropriate groups and their individual cycle ergometer endurance training was programmed. The training was conducted three times a week for 45 minutes. The rehabilitation cycle ergometer CRG200 v.312 and Aspel AsTER software were used during the training. It was a modified interval training adapted to the individual needs of the patient. The effort phase was equal to the rest phase. Most often during the training, there were 5 phases of effort with increasing difficulty level to the third phase and then decreasing to the initial state. Depending on the patient's mood on a given day of treatment, the software enables individual changes in the training that was previously programmed on the basis of electrocardiographic strength tests [8, 11] .
General-fitness exercises was conducted every day for 30 minutes in two groups divided according to ability level. Based on the exercise test that was carried out according to the modified Bruce protocol, the patients were assigned to the appropriate rehabilitation group. In the case of the A model of cardiac rehabilitation, the gymnastics was conducted dynamically in a standing position with the use of tools and instruments located in the gymnasium. The patients performed endurance, strengthening, stretching, breathing and relaxation exercises.
In patients qualified for model B cardiac rehabilitation, the exercises were conducted in a sitting position on an unstable floor. Similar to the A model, endurance, strengthening, stretching, breathing and relaxation exercises were performed. The unstable floor was intended to additionally stimulate deep torso muscles and to strengthen the postural control of patients [11] . During the cardiac rehabilitation program, patients were provided with third-degree prophylaxis in the field of cardiac disease, and each patient also had at least one visit with a psychologist.
Statistical analysis
The test results were collected and compiled in an Excel 2007 spreadsheet, and then subjected to statistical analysis by STATISTICA version 10 PL (StatSoft, USA). To test the normality of the examined parameters' distribution, the Shapiro-Wilk test was used on all the study groups. The basic descriptive statistics for measurable features were calculated: arithmetic mean, standard deviation and minimum and maximum values
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Health Problems of Civilization were determined. In order to determine the significance of differences between the examined parameters in the studied groups, the analysis of variance for repeated measurements and Tukey's test were used in the case of statistically significant results of variance. Additionally, Pearson's correlation coefficient was calculated for selected parameters. In the applied statistical tests, the values of coefficients and tests at the level of p <0.05 were assumed to be statistically significant. The relevant values are marked in the tables.
Results
Selected results that are statistically significant are presented in the tables below. Table 1 presents the basic characteristics of the group of respondents, including the division into sex. Tables 2 and 3 present basic descriptive statistics. For significant variance analysis results, the post-hoc test was conducted.
The Tukey test results are presented in Table 4 . In addition, the Pearson correlation coefficient was calculated for selected parameters. The results are presented in Table 5 . HEIGHT -body height of the subjects, MASS 1 -body weight before rehabilitation, MASS 2 -body weight after rehabilitation, 
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Discussion
The results of our study show that the use of standard cardiac rehabilitation has a significant impact on improvement of the examined parameters.
The process of treating cardiac patients has recently been refined by the development of better technologies, techniques and methods. Szmit et al. in their studies confirm that, due to the application of new specialized techniques and technologies, contemporary comprehensive cardiac care positively affects the human body. It reduces the number of premature deaths, improves quality of life and reduces recuperation time [12] . These studies also confirm that, despite the use of all available therapies, it is not possible to completely heal ischemic heart disease, but only to slow its progression. Available literature turns particular attention to the fact that regular physical effort is a very important element of the therapy for patients who have had cardiac incidents or who have other cardiovascular diseases [13, 14, 15, 16] . According to the authors, the treatment of ischemic heart disease may involve pharmacological therapy or surgical treatment; however, it is always necessary to perform comprehensive cardiac rehabilitation. Cardiac rehabilitation reduces the mortality caused by cardiovascular diseases by 30% per annum. It aims to improve exercise tolerance, increase functional fitness and return the patient to their everyday life from before the diagnosis. Benefits of comprehensive cardiac rehabilitation have been confirmed and documented by many studies and cardiac rehabilitation is recommended as part of a complete treatment plan for cardiovascular diseases by the American Heart Association and the American College of Cardiology.
Storch-Uczciwek et al. in their meta-analysis also present many studies that confirm the positive effect of adequate and regular physical activity on the treatment and prevention of heart disease [17] .
Skrypnik et al. showed that appropriate physical training improves exercise tolerance, enhancing the quality of mental and physical life and, as a consequence, reducing the number of exacerbations and deaths [18] . The study indicates that the best effects of physical training have been induced in patients with chronic heart failure who were assessed as NYHA class II and III. The authors emphasize that the positive effects of using physical training are possible only with an appropriate and systematic form, such as general exercises and endurance training on a cycle ergometer [18] .
Our study indicates a statistically significant difference in endurance parameters as measured in exercise tests, and confirmed the effectiveness of cardiac rehabilitation in the form of regular and monitored physical exercise.
According to studies by many authors, the physical capacity of the body and exercise tolerance are important prognostic factors in patients with cardiovascular conditions. In his research, Paduch demonstrated that coronary artery bypass grafting surgery and the second stage of comprehensive cardiac rehabilitation, conducted in an outpatient mode according to the current standards and guidelines of the Polish Cardiac Society, brings a lot
I N E F I R S T O N L I N O N L I N E F I R S T
Health Problems of Civilization of benefit to the patient. It was particularly important to increase exercise tolerance and the duration of the exercise test [19, 20] .
In the study by Podsiadły et al, a significant increase in the duration of exercise tests was demonstrated both in the group of patients that had coronary artery bypass grafting and in the group that had stent implantation [21] .
The results of our own study confirm the positive correlation between improving exercise tolerance and increasing the duration of exercise tests. The exercise time was extended both during the RAMP test and the modified Bruce protocol. The majority of the subjects in our study were overweight or obese. Already in 1997 the relationship between obesity and the risk developing of cardiovascular disease had been shown. It was also shown that the progressive remodeling of the heart muscle associated with excessive body weight significantly increases the risk of arrhythmias and sudden cardiac death [22] .
Kotseva et al. in their studies showed that an increasing part of the studied population has a problem with abnormal body mass. Estimates by the World Health Organization indicate that globally, the problems of overweight and obesity may affect up to 30% of women and 24% of men. Over the last decade, there has been a nearly 15% increase in the number of obese women with diagnosed ischemic heart disease. Analyzing the results of numerous Polish and other scientists who deal with the problem of abnormal body weight shows that overweight is more frequently observed in men, while obesity is noted more frequently in women [6, 23] .
The majority of patients that took part in our study, both women and men, were characterized by an abnormal, elevated body mass. This confirms the presented thesis that there is a relationship between cardiovascular diseases and abnormal body mass -excessive body mass or obesity. However, it has not been confirmed that men more often struggle with overweight, and women with obesity. The results of our study indicate the opposite situation. Most of the examined men suffered from obesity, while the BMI in half of the surveyed women was in the "overweight" category.
The applied model of cardiac rehabilitation results from the recommendations described by Piotrowicz et al. In 2004, individual models of cardiac rehabilitation were developed, which were adopted as a standard. Their effectiveness has been confirmed by various tests carried out on many levels. This work also demonstrates the effectiveness of the described and adopted standard [11] .
The results of our study, as well as a number of analyzed research outcomes of many authors, show the effectiveness of complex cardiac rehabilitation as the main element of treatment and prophylaxis in patients who have experienced cardiac incidents or who are at risk for cardiovascular disease. As has already been mentioned, the education of patients and people at risk is just as important as individual training and exercises. Obesity and excess body mass influence the development of cardiovascular disease as well as other serious conditions. Analysis of the results of our study and others indicate similar tendencies, confirming the improvement of exercise tolerance and reduction of energy expenditure after the completion of the second stage of cardiac rehabilitation. A reduction in the BMI was also noted in the subjects.
Conclusions
Analyzing the results of this study provides answers to the research questions:
1. The second stage of comprehensive cardiac rehabilitation, conducted according to applicable principles and guidelines, significantly reduced the value of BMI regardless of the sex of the examined patients. 2. On the basis of statistical analysis using Pearson's correlation, no significant connection was found between increased BMI and the effectiveness of the second stage of cardiac rehabilitation measured by the Watt and MET load during the exercise test. 3. The value of BMI of the examined patients calculated after completion of cardiac rehabilitation indicates a statistically significant connection with exercise tolerance. 4. The analysis of results after completion of the second stage of cardiac rehabilitation showed a decrease in the body mass of the subjects and a reduction in the BMI. In addition, the length of the distance covered in the six-minute corridor test and the value of electrocardiographic stress test results, conducted according to the RAMP protocol and the modified Bruce protocol, were increased. The above-mentioned parameters have changed statistically significantly.
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